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ABSTRACT 
Prism tests are used to assess the strength of masonry in the Australian masonry structures 
standard, AS3700 (2011). Where no testing is done, the standard provides correction factors to 
account for the effect of the height of blocks to the mortar thickness; the primary driver of this 
correction factor is the usage of larger height units (for example, typical two cell hollow concrete 
blocks of 190mm height against typical solid clay bricks of 76mm height) with a constant mortar 
thickness of 10mm. In recent times, higher adhesive thin bed mortars of 2mm – 4mm thickness 
are being introduced in masonry construction internationally. Further, for ease of construction of 
reinforced masonry, H blocks that have only the mid web shell are introduced. Although the web 
shells are not mortared and hence do not resist axial compression, they do offer lateral restraint 
to the face shells loaded in compression. The usage of H blocks and the thinner and higher 
adhesive mortars have renewed interest of the compression behaviour of hollow concrete 
masonry and hence is re-visited in this paper. This paper presents an experimental study carried 
out to examine the effects of the thickness of mortar joints, the type of mortar adhesives and the 
presence of web shells in the hollow concrete masonry prisms under axial compression. A non-
contact digital image correlation (DIC) technique was used to measure the deformation of the 
prisms. The method quite adequately determined the strain field of the loaded face shells 
subjected to axial compression. The absence of end web shells consistently has lowered the 
compressive strength and stiffness of the prisms; thinner mortars and higher adhesive mortars 
have increased the compressive strength and stiffness, whilst lowering the Poisson’s ratio. 
 
Keywords: Axial compression, Compressive strength, Hollow blocks, High adhesive mortar, 
Digital image correlation 
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1.0 INTRODUCTION 
The compressive strength of masonry is one of the most basic material properties used in the 
design of masonry structures. Although small wall panels incorporating perpend and bed joints 
are considered to be more representative test specimens for the purpose of determining the 
compressive strength of masonry, the AS3700 (2011) proposes testing of stack bonded prisms 
tests due to its simplicity and economy. The behaviour of masonry prisms under axial 
compression is influenced by the relative stiffness of masonry units and mortar, the thickness of 
mortar joints and the shape of the units.  
 
In the block masonry construction, face-shell mortar bedding is commonly practiced. Concrete 
blocks used in masonry construction are either the two cell conventional hollow blocks or the 
new generation H blocks. The H blocks facilitate ease of construction, especially in reinforced 
masonry walling through ‘elimination’ the two (unmortared) end web shells, the effect of which 
to the strength and structural behaviour is not explicitly found in the academic literature. 
Therefore, the effect of unmortared end web shells to the compressive behaviour masonry prisms 
is examined in this paper.  
 
The behaviour and failure mechanism of face-shell bedded hollow masonry prisms constructed 
with the conventional 10mm mortar joints under compression is well understood due to 
pioneering work of Hendry et al (2004), Shrive (1982) and Page and Shrive (1988) amongst 
others. When a face shell bedded prism is loaded in compression, considerable bending stresses 
are induced in the unloaded (and unmortared) webs of the units that act as deep beams spanning 
between the face-shell (Shrive, 1982, Page and Shrive, 1988). This leads to splitting failure of 
these web-shells, with cracks initiating in the zones of tensile stress; whereas, the solid or full 
bedded masonry fail as a consequence of vertical cracking of the loaded face shells due to 
different rates of lateral expansion of the units and the mortar. Although face-shell bedding is 
commonly practiced in concrete masonry construction in many countries, especially in North 
America and Australasia, surprisingly full bedded concrete masonry with or without grouting 
under axial compression have been  extensively examined and reported in many research works 
(Hamid, 1978; Priestley and Elder, 1983; Cheema and Klinger, 1986; Khalaf, 1996; Phipps and 
Mirza, 2001; Ramamurthy et al., 2000; Mohamad et al, 2007; Barbosa et al, 2010).  
 
Since the face-shell bedded concrete masonry fails through web splitting, a question arises as to 
whether or not all three cross web shells (in hollow blocks) are contributing to the compressive 
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strength and deformation of the concrete masonry by way of providing lateral support to the 
loaded face shells. Most of the masonry design codes allow masonry compressive strength to be 
determined, from test results, or from tabulated values based on block strength and mortar type; 
the standards do not clearly distinguish the H blocks from the conventional two cell blocks. As 
several types of concrete blocks with widely varying geometry are available in the market, an 
investigation on the contribution of the web shells to the compression loaded face shells appears 
prudent, an extensive study covering all available blocks is impractical. 
 
From entirely a different perspective, in recent times, with a view to improving the quality of 
masonry construction and to address the labour shortage in masonry, an easy to construct thin 
bed masonry technology is being introduced in many European countries and is a subject of 
interest in Australia (Dhanasekar and da Porto, 2009). The thin bed masonry system utilises thin 
layer (2mm-4mm) of specially formulated polymer cement mortars connecting the accurately 
dimensioned/ tighter tolerance units. It is a well understood concept in the conventional masonry 
that with the reduction in joint thickness, the masonry compressive strength increases; similar 
results have also been reported in thin bed highly perforated clay masonry compressive strength 
studies  (Da Porto 2005; Nicholas et al, 2008). However, it is not clear how the thin bedded face-
shell loaded concrete masonry would behave under axial compression given that the polymer 
mortars used in thin bed concrete masonry are found to exhibit higher adhesion  (flexural bond 
strength of 0.7MPa - 1.3MP was achived in 7 days with these types of polymer mortars, as 
reported recently by the authors - Thamboo et al., (2012). The lowest bond strength of 0.7MPa 
corresponds to very rough interfaces and the highest bond strength of 1.3MPa corresponds to 
smoother surfaces). 
  
It is commonly known that in masonry, incompatible tangential displacements at the brick – 
mortar interfaces is the primary reason for inducing cracks in the masonry units parallel to the 
direction of the primary compression. Sarangapani et al, (2005) examined the effect of improved 
adhesion to the compressive strength of low strength soil-cement bricks and concluded positive 
contribution of higher adhesive mortars to the compressive  strength of masonry. Khalaf  et al, 
(1994) conducted prisms tests for compressive strength, in which a few thin bed concrete prisms 
with 1mm to 2 mm of dental plaster as binder were tested. Systematic studies on the effect of 
reduction in thin bed mortar thickness to the compressive strength of concrete masonry prisms 
are lacking. 
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This paper addresses three factors: (1) the effect of the absence of end web shells of the hollow 
blocks; (2) the effect of mortar thickness and (3) the effect of adhesion at the face shell – mortar 
interfaces to the face-shell bedded concrete masonry prisms under axial compression. Three 
different mortar joint thicknesses (10mm, 4mm and 2mm), two types of blocks (conventional 
two cell hollow blocks and H blocks) and two types of mortars (conventional M3 mortar and 
polymer-cement mortar) were used in the examination that involved construction and destruction 
of 24 prisms. The failure modes, deformation characteristics, and compressive strength of the 
prisms are presented and discussed with reference to the effects of the three parameters 
investigated in this paper. The deformation of prisms was measured from a non-contact digital 
imaging correlation method, which is new to masonry.  
 
2.0 EXPERIMENTAL PROCEDURE 
 
Dimensions of the concrete blocks used in the investigation are shown in Figure 1(a).  
 
 
Figure 1: Dimensions of concrete masonry blocks  
 
The two-cell hollow concrete blocks of gross dimension 390mm × 90mm × 90mm consist of two 
end web shells of average thickness 27mm each and a mid web shell of average thickness 26mm; 
the two face shells were of average thickness 27mm each. A comparable H block for the two-cell 
block selected for this study was not available in the market. Therefore, the chosen two-cell 
hollow concrete blocks were used to manufacture the H blocks using diamond saw cutting of the 
end web shells as shown in Figure 1(b). As the face shells are tapered along the height of the 
blocks, removal of end web shells (Figure 1(b)) has left small lips on the thinner faces of the web 
shells; these lips might provide better rigidity to the cantilevered face shells and would prevent 
premature collapse of the prisms due to lateral buckling of the face shells with subsequent higher 
155mm 26mm
90mm20mm
390mm
(a) Two-cell hollow block (b) H block 
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compressive strength than the commonly available H blocks with no lips. The comparative study 
between the conventional two cell and H blocks reported in this paper, thus can be regarded as 
more conservative and suffice for the purpose of the intended purpose.   
 
Two types of mortar were used: the conventional M3 mortar (cement: lime: sand = 1:1:6) as per 
AS 3700 (2011) and specially formulated polymer mortar. The water for the mortar mixes was 
controlled based on the workability; the mortar mixes used in the construction are shown in 
Figure 2. The polymer cement mortar was a proprietary product delivered in a sealed bucket: 
preparation involved addition of sufficient water for desired workability. Mortar was mixed with 
a ratio of 250ml of water to 1kg of dry mortar mix. The thin bed mortar contained maximum 
sand aggregate size of 1mm; the fine sand aggregate size in the conventional mortar mix was 
2mm. The polymer mortar contained 4% polymer by weight. During the mixing it was found that 
the polymer mortar required more water to keep the consistancy than the conventional M3 
mortar, because the polymer cement mortar hascontained finer aggregates than the M3mortar.  
 
   
Figure 2: Mortar mixes (a) M3 standard mortar (b) 4% Polymer mortar  
 
 Figure 3: Masonry prisms built (Coloured plastic spacers of specific thickness were inserted for 
control of the joint thickness) 
 
M3 mortar was used to construct 10mm and 4mm mortar joint prisms and polymer mortar was 
used to construct 4mm and 2mm thin bed concrete masonry prisms. Due care was taken to 
ensure proper mortar joint thickness by using spacers of specified thickness (10mm, 4mm and 
2mm). The stack bonded prisms were built according to the AS 3700 specifications. The 
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maximum aspect ratio (ka, height to thickness ratio) of the prisms was 11.8 and the minimum 
was 11.1. Some of the prisms built are shown in Figure 3.  
 
Table 1: Naming convention of Specimens 
Joint 
Thickness/(mm) 
Unit type Mortar type 
Specimen group names conventional 
block 
H 
block Conventional
Polymer 
mortar 
10 S H M - SM10, HM10 
4 S H M P SM4, SP4, HM4, HP4 
2 S H - P SP2, , HP2 
 
A total of 24 prisms (three per each grouping) with varying mortar joint thickness, mortar types 
and block geometry involving eight combinations were constructed and named as per convention 
given in Table 1. Typical specimen under loading is shown in Figure 4. 
 
 
 
 Figure 4: Prisms under testing (a) General test set-up (b) Conventional prism (c) H block prism. 
 
The young prisms as a group were wrapped with plastic sheets and kept under cover to prevent 
evaporation of moisture and facilitate proper curing of the mortar. The prisms were cured for 28 
days, although the plan was to test them on the 7th day, due to the scheduling of the test space in 
the laboratory. 
(b) (c) 
(a) 
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The specimens were capped with 5mm plywood on top and bottom block face-shells prior to 
loading. All prisms were tested at the Queensland University of Technology Banyo structural 
testing laboratory. The axial compression tests were performed under displacement control in 
order to obtain the complete stress - strain curve of the specimens. A servo-hydraulic MTS 
controller with a double acting actuator of 300kN capacity was used. A 300kN load cell of 
precision of measurement of 0.001kN was used and the data recorded using the MTS controller 
software. The test set-up is shown in Figure 4.   
 
Once the prism was placed under the testing rig and properly aligned, a digital camera was set up 
with its axis of lens normal to the specimen (Figure 4(a)) on a tripod in such a manner it 
provided good coverage of the test specimen. Canon EOS 1000D camera with the standard 
35mm lens was used in this investigation. The camera was connected to a computer that 
controlled the shutter opening/ closure through a special purpose software specific to the camera; 
flash drive memory of the camera was sufficient to store all images for each test; hence, there 
was no need to download images during the testing. Each test took approximately 8 minutes 
from the start to the failure of the specimens; digital images were taken at 10 seconds interval. A 
total of 40-50 images were therefore obtained from each test and used in the deformation 
analysis. 
 
3.0 FAILURE MODES 
 
All prisms failed due to cracking of web shells parallel to the direction of axial load as shown in 
Figure 5 irrespective of the thickness or the adhesion of the mortar bed joint.  
 
Figure 5: Failure modes of prisms under compression. 
(a) hollow block prism (b) H block prism 
Web shell cracking 
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After the maximum load was attained, the face-shells spalled off with a rapid decrease in load. 
The early cracking of the web shells indicates the presence of bending stresses caused by the 
action of deep beam spanning between the loaded face-shells. During the web shell cracking, 
mortar crushing also observed at the corners of the prisms. This confirms that the face-shell 
bedded masonry fails always through web-shell splitting under axial compression.  
 
4.0 COMPRESSIVE STRENGTH 
 
The range and the mean compressive strength as well as the corresponding coefficient of 
variation (COV) for each group of test prisms are presented in Table 1.  
 
Table 1: Compressive strength of prisms 
Specimen 
Range of 
strength(MPa) 
Mean 
Strength/(MPa) 
Standard Deviation 
inMPa and (COV%) 
Mean± standard 
deviation 
SM10 6.29-7.60 6.94 0.65  (9.4%) 6.29-7.59 
SM4 6.91-7.84 7.40 0.38  (5.1%) 7.02-7.78 
SP4 7.84-8.77 8.29 0.38  (4.6%) 7.91-8.67 
SP2 8.86-9.49 9.15 0.26  (2.8%) 8.89-9.41 
HM10 4.64-5.83 5.17 0.50  (9.7%) 4.67-5.67 
HM4 5.16-7.32 6.20 0.88  (14.2%) 5.32-7.08 
HP4 6.20-6.72 6.46 0.26  (4.0%) 6.2-6.72 
HP2 6.71-7.76 7.24 0.43 (5.9%) 6.81-7.67 
 
The Mean ± Standard Deviation is also presented.  It could be seen that the range of data fits 
well within the spread of Mean ± Standard Deviation. The maximum COV was 14.2%,which 
can be regarded quite acceptable for masonry  As one would expect, the COV of the 
conventional block prisms was generally lower than that of the H block prisms.  Generally the 
COV reduced with the reduction in thickness. 
 
4.1 Effect of web shells 
 
The compressive strength of conventional block prisms (SM and SP) is consistently higher than 
the H block prisms (HM and HP) prisms. For example, prisms containing 10mm thick M3 
mortar made from conventional blocks exhibited strength of 6.94MPa and the H block 
counterpart prisms failed at 5.17MPa average compressive strength (25% loss of strength). This 
is significant, considering the web shells are not bedded and loaded.  The loss in compressive 
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strength due to the loss of the end web shells was also evident from other mortar joint prisms; for 
example, the 4mm M3 mortared prisms showed a loss of 16%, 4mm polymer mortar prisms lost 
22% and the 2mm polymer mortar prisms lost 21% purely as a result of the loss of end web 
shells.  A simple explanation of the loss could be stated as follows: as the failure is through web-
shell cracking, the conventional blocks that contain three cross web shells have provided higher 
compressive strength than the H blocks that contain only one web shell available for cracking.  
 
Although the data are limited, the loss of compressive strength in H blocks is quite consistent to 
the basic mechanics of the bodies loaded in compression with and without lateral restraints and 
hence warrants further detailed examination.  As noted earlier, the face shells of the H blocks 
contained a small lip that tapers from max to nil along the height of the block, which could have 
aided limiting the losses to a maximum of 25%; there are some H blocks available in the market 
with no such lips, where the strength reduction can be much larger. Currently masonry design 
codes of practices do not concern block geometry variations in the design compressive strength 
clauses; a fundamental look into the shapes of the face shell edges in H blocks appears prudent. 
 
4.2 Effect of mortar joint thickness 
 
The compressive strength of masonry prism increases with the reduction of mortar joint 
thickness from 10mm to 4mm for conventional mortar mix bedded prisms. This observation was 
made for both block geometries. When the thickness reduces from 10mm to 4mm, the raise in 
the compressive strength is in the range of 15%, regardless of the block geometry. As the 
thickness of the mortar joint reduces, the lateral confinement effect offered by the blocks of 
successive layers on mortar increases noticeably, consequently bringing down the incongruity 
between mortar and block. For the 4mm and 2mm polymer cement mortar bedded prism 
combinations, when the thickness reduces from 4mm to 2mm, the average compressive strength 
increases from 8.29MPa to 9.15 MPa which is an almost 10% increase. Here the strength 
increment was not due to aspect ratio changes, because the aspect ratio of prism does not change 
very much due to thickness variation in the prisms.  
 
When the thickness reduces from 10mm (SM10 and HM10) to 2mm (SP2 and HP2), the average 
compressive strength of prisms increases nearly by 30%. Although comparing SM10 with SP2 
(also HM10 to HP2) might not be strictly correct, as the current AS3700 (2011) does not prevent 
the use of polymer mortars or the thin layer mortars, it is possible for designers to use any 
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thickness of the mortar of any composition. There exists lack of evidence of the effect of mortar 
joint thickness reduction to the increse of the compressive strength in face shell beded masonry 
as much as it does in solid, fully bedded nasonry The data provided in this paper indicate that the 
compressive strength of the face-shell bedded masonry can be increased considerably through 
reduction in thickness as well as increase in bond. 
 
4.3 Effect of adhesion 
 
Sarangapani et al (2005) have shown that increase in the mortar adhesive bond strength increases 
the compressive strength of masonry; the data from this investigation also exhibit similar trend., 
For example, the 4mm polymer mortar bedded prisms (SP4 and HP4) have exhibited higher 
compressive strength than the 4mm M3 mortar (SM4 and HM4) bedded prisms. It can be clearly 
seen from the data in Table 1 that the SP4 prisms are, on average, exhibit 12% higher 
compressive strength than the SM4 prisms. In this regard, the higher bond strengths due to 
polymer mortar as reported by the authors in Thamboo et al (2012) should also be taken into 
consideration. A relationship between bond strength to compressive strength would be of 
interest; more data are required to justify development of any such relations. 
 
H block prisms have exhibited 5% increase between HP4 and HM4. In this study, polymer 
cement mortar and conventional cement-lime mortar have been used as binders. Although the 
polymer cement mortars are primarily used to increase the bond strength in masonry, the 
increase of compressive strength of the polymer cement mortar prisms could be associated to 
their increased bond strength. This may be attributed to the reduction in the incompatible 
deformation between the blocks and the mortars at their interfaces. Therefore mortars with 
higher adhesion can be regarded providing higher compression capacity of masonry.  
 
4.4 Prediction 
 
Although only limited specimens (three replicates per grouping) were tested in the investigation 
reported in this paper, it would be of interest to examine whether or not the data provide sensible 
prediction of the characteristic compressive strength for use in structural design. There are two 
stimuli for this attempt: (1) the datasets exhibited low variability and the range of data obtained 
for each grouping has fitted well within the spread of Mean ± Standard Deviation; and (2) 
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AS3700(2011) allows such prediction for design purposes (conservative predictions). This 
section discusses the interpretation in the context of design. 
 
The Australian Standard (AS3700, 2011) provides a tabulation method of determining masonry 
compressive strength from the block strength, the mortar type (M2, M3 or M4), the unit height 
and the thickness of mortar joint. Knowing the characteristic compressive strength of the units as 
7.0 MPa, the characteristic compressive strength of masonry with 10mm M3 mortar was 
calculated from Cl.3.3.2 of the AS3700 (2011) as 4.4 MPa. From the Appendix B of AS3700 
(2011), using the data in Table 1, the characteristic compressive strength of SP10 masonry is 
determined as ൫݇௞ ൈ ௦݂௣௟൯ ൌ 0.71×6.29 = 4.5MPa, which is close to the Cl.3.3.2 prediction of 
4.4MPa, thus confirming the conservativeness due to just three replicates. Masonry standard 
joint committee (MSJC- 2011) provide thin bed masonry design provisions to only those 
masonry made from Autoclaved aerated concrete (AAC). The Canadian standard Association 
code (CSA S304.1-04) does not provide thin bed masonry design guidelines. Only the Euro 
norm (BS EN 1996-1-1:2005) for masonry design specifies the design value of thin bed concrete 
masonry under compression among masonry design codes. The European norm provides the 
characteristics compressive strength of thin layer mortar (0.5mm -3 mm) masonry can be 
determine from equation (4): 
 
                                                                  ௞݂ ൌ ܭ	 ௕݂଴.଼ହ                                                 (4) 
 
Where the, ௞݂ is characteristic compressive strength of masonry and ௕݂ is normalised mean 
compressive strength of units (10.2MPa). K is a constant (0.7), the value of which depends on 
the type of blocks and their structural use. From the above equation the predicted characteristic 
compressive strength of thin bed concrete masonry is 5 MPa. It should be noted that this value is 
applicable to only the SP2 grouping (because the maximum mortar layer thickness is set as 
3mm). This characteristic compressive strength of 5.0MPa is lower than the values obtained 
from the test data following Appendix B of AS3700 (2011). The characteristic compressive 
strength of SP4 and SP2 specimens is determined as5.6 MPa and 6.3 MPa respectively. Although 
this calculation should be regarded as extremely conservative as only three replicates were 
tested; however, comparing 6.3MPa predicted by the Appendix B of AS3700 (2011) for SP2 
with the Euro norm prediction of 5.0MPa, it appears there exists significant lack of knowledge  
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This suggests that there need to be more tests to be carried out on thin bed masonry to formulate 
design equations and guidelines for thin bed masonry construction.  
 
5.0 Deformation characteristics 
 
Materials tested under compression seldom exhibit uniform state of stress; the deformation 
generally varies over the height and width of the specimens. Therefore, deformations are 
measured generally over a specified gauge length to determine representative average strains. 
The axial and lateral strains have been measured -across two locations and the average strains are 
plotted against the relevant stress values. 
 
5.1 Method of deformation measurement 
 
Traditionally axial deformations of masonry prisms are measured using linear variable 
displacement transducers (LVDTs) affixed on the loaded face shells of the masonry prisms. With 
the LVDTs, the average axial strain of the masonry is measured between two selected points 
(normally along a gauge length of two blocks and two mortar joints). Further, there is risk of 
damage of LVDT due to occasional premature collapse of the prisms. In recent years non-contact 
deformation measurement methods have become popular in many engineering applications; 
digital image correlation methods (DIC) is one amongst them (refer Pan et al, (2009) for more 
details). A special class of DIC, known as Particle image Velocimetry, is developed for 
measuring velocity of fluids at Cambridge university, UK (Adrian, 1991); this technique was 
modified by White et al, (2003) for natural sand particle deformation. Later Thusyanthan et al, 
(2007) used this technique to measure the strains in clay beam. Fundamentally, this technique 
will predict strains accurately, provided ‘particles’ (of specific texture and colour) are identified 
clearly by the algorithm, which depends up on the quality of the digital image recoded during the 
experiment. Appropriate light levels, shutter speed and focus must be maintained and the camera 
shall remain stationary (on a firm tripod) with no manual intervention; therefore a computer is 
essential to trigger the shutter opening. For masonry, a quality – but commonly available – 
digital SLR camera was found sufficient.  
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Figure 6: Schematic illustration of basic principle in PIV analysis. 
 
The basic principle of DIC analysis is to tracking of the same points (or pixels) between two 
images recorded before and after deformation as schematically illustrated in Figure 6. The 
coordinates of mid points of each patch of each successive image are determined by the 
algorithm through calibration of the distance between the pixels to a standard distance measure. 
The initial distance between the selected two points is first determined from the reference image. 
The distance between the two points during the deformation of the specimen is determined from 
the successive deformed images. The surface strain field is thus determined from Equations (1) – 
(3).  
 
     ߝ௫௫ ൌ డ௨ೣడ௫ ൌ
൫௫భᇲି௫బᇲ ൯ିሺ௫భି௫బሻ
ሺ௫భି௫బሻ                                                     (1) 
 
    ߝ௬௬	 ൌ 	 డ௨೤డ௬ ൌ 	
൫௬భᇲି௬బᇲ൯ିሺ௬భି௬బሻ
ሺ௬భି௬బሻ                                                   (2) 
 
  ߛ௫௬ ൌ 	 డ௨ೣడ௬ ൅
డ௨೤
డ௫  = 
൫௫భᇲି௫బᇲ ൯ିሺ௫భି௫బሻ
ሺ௬భି௬బሻ ൅
൫௬భᇲି௬బᇲ൯ିሺ௬భି௬బሻ
ሺ௫భି௫బሻ 	          (3) 
 
In the DIC analysis, the digital image is divided into a gird of patches as shown Figure 7. The 
size of the patch and the distance between patches were decided depending on the aim of the 
testing. A set of coordinates of the patch centre locations for each of the successive images is 
first generated. The displacement vector in of each patch during the interval between successive 
images is found by locating the peak of autocorrelation image function of each patch. The peak 
in the autocorrelation function indicates that two images of each particle captured in the 
ܲሺݔ଴	, ݕ଴ሻ
Reference Patches 
Reference Image 
݋ ݔ 
ܳሺݔଵ	, ݕଵሻ
y ܲ′ሺݔ0′ , ݕ0′ ሻ
Target Patch
Deformed Image
݋ ݔ 
ܳ′ሺݔ1′ , ݕ1′ ሻ
y
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photographs exactly overly on each other. Therefore the correlation offset is equal to the 
displacement vector.  
 
5.2 Stress-Strain Curves for the Masonry Prisms 
 
Digital images taken at 10 seconds interval from start to the end of each test (as described in 
Section 2) resulted in a total of 40-50 images. These images were analysed to obtain strain 
information. The procedure may be illustrated through a typical example shown in Fig. 7 that 
exhibits two blocks and a mortar joint.  A zone of 180mm × 170mm was chosen for the analysis 
and the zone was divided into 18 × 17 patches, with the size of a typical patch as 50×50 pixel.  
 
Figure 7: Selected zone divided into patches and points  
 
Mid points of four patches P1, P2, Q1, and Q2 were selected (refer to Figure 7) to analyse the 
vertical, horizontal and shear strains. In order to calculate the vertical strain, the vertical 
coordinate differences between the points P1-Q1 and P2-Q2 (in every successive image from 
initial undeformed image) were considered and the vertical strains were calculated using 
equation (2).  Similarly to calculate the horizontal strain, the horizontal coordinate variations 
between the points P1-P2 and Q1-Q2 (in every successive image from initial undeformed image) 
were calculated and from equation (1) the lateral strains were obtained.Figure 8 shows 
compressive stress vs. strain behaviour of the hollow block prisms plotted up to the failure; both 
the axial and lateral strains are plotted against the compressive stress.  
 
ࡼ૚ሺ࢞૙	, ࢟૙ሻ 
ࡽ૚ሺ࢞૚ , ࢟૚ሻ ࡽ૛ሺ࢞૚૚	, ࢟૚૚ሻ 
ࡼ૛ሺ࢞૙૚	, ࢟૙૚ሻ 
10mm Mortar 
Block 
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Figure 8: Axial and lateral strains of hollow block prisms under compressive stress. 
 
The stress-strain curves are arranged in such a way to facilitate ease of appreciation of the effects 
of the three parameters of study focussed in this investigation. The specimen loading and digital 
image acquiring were started at the same time. From the MTS controller the loading was 
recorded against the time (0.01Hz frequency) and the digital images were taken at 10 seconds 
interval. From the recorded loading data, the stress points are calculated against time and from 
the digital image analysis, the strains (axial and lateral) are calculated at every 10 seconds 
interval. To obtain the stress-strain curve, stress points and strain points at a particular time are 
matched and complete stress–strain curves are plotted. 
 
(a) (b) 
(c) 
(e) (f) 
(d) 
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It can be seen that SM10 prisms has registered the largest axial axial (nearly 2500µ) compared to 
any other hollow block prisms. Generally the two cell hollow prisms deform more than the H 
block prisms in the vertical direction, whilst the H block prisms deform more than the 
conventional block prisms in the horizontal direction; these indicate the positive effects of the 
end web shells. 
 
The prisms generally exhibit linear behaviour up to 70% of the ultimate load. From the slopes of 
the stress – strain curves, the elastic modulus was determined.  From the lateral strain data, 
Poisson’s ratio was determined.  These values are provided in Table 2. 
 
The data in Table 2 show that  
1. The reduction in thickness of M3 mortar joint increases the Young’s modulus and 
reduces the Poisson’s ratio for  both the conventional and H block prisms; 
2. The increase in adhesion (for 4mm thick mortar joints), increases the Young’s 
modulus and reduces the Poisson’s ratio for  both the conventional and H block 
prisms; 
3. The reduction in thickness of polymer mortar joint increases the Young’s modulus  
4. Poisson’s ratio decreases from 0.26 to 0.18 for convetional block prisms and 0.27 to 
0.22 for H block prisms as the thickness reduce to 10mm to 2mm; and 
5. The change in block type (Conventional to H) reduces the young’s modulus and 
slightly inceases the Poisson’s ratio. 
 
Table 2: Initial tangential modulus and Poisson’s ratio of prisms 
 
Specimens 
Initial tangent 
modulus, MPa 
(CoV) 
Poisson’s Ratio 
(CoV) 
SM10 4687(10.4) 0.26(11.3) 
SM4 5261(12.8) 0.24(13.6) 
SP4 6965(8.6) 0.18(6.8) 
SP2 8217(11.0) 0.18(12.1) 
HM10 3633(10.2) 0.27(12.3) 
HM4 4837(25.1) 0.25(16.3) 
HP4 5568(18.9) 0.21(18.3) 
HP2 6501(9.1) 0.22(5.8) 
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6.0  SUMMARY AND CONCLUSIONS 
This paper has presented laboratory tests conducted to study the influence of three key 
parameters of practical relevance, viz, the presence/ absence of web shells, the adhesive bond 
strength and thickness of mortar joints, to the compressive strength and deformation of face shell 
bedded hollow concrete masonry prisms. Commonly used conventional blocks and H blocks 
were used in the construction of prisms.  Both the conventioanl M3 and polymer mortars were 
used and the prisms were made from 10mm, 4mm and 2mm mortar joints. In total 8 different 
groups of prisms with three prisms each were tested. The deformations were measured from a 
non-contact digital image correlation method, which proved to be efficient and inexpensive. 
Although limited specimens were tested,tThe main conclusions of the present study are the 
following: 
 
1. Hollow block prisms depicted higher compressive strength (up to 25%) than the H block 
prisms. This significant variation implies there is a need to incorporate the influences of 
the type of block geometry under axial compression of masonry in the design standards. 
 
2. Specially formulated polymer cement mortar bedded prisms exhibited higher 
compressive strength than the ones containing ordinary cement mortar mix. The 
increased bond strength with polymer mortar has reduced the incongruity deformation 
between the unit and the mortar. Better adhesive bond strength appear beneficial to the 
compressive strength of masonry.  
 
3. The mortar joint thicknesses less than 10mm increase the compressive strength of face-
shell bedded concrete masonry. This increase was prominent when the thickness is less 
than 4mm.  
 
4. Hollow block prisms showed higher axial deformation than the H block prisms, in 
contrast the H block prisms exhibited higher lateral deformation than the hollow block 
prisms.  
 
5. All prisms failed through web-splitting under axial compression.  
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